We evaluated coronary artery disease (CAD) extent, severity, and major adverse cardiac events (MACEs) in never, past, and current smokers undergoing coronary CT angiography (CCTA).
Introduction
Smoking is a major risk factor for coronary artery disease (CAD) and risk of future major adverse cardiac events (MACEs). 1 -6 While the increased in risk of events applies to current smokers, several previous studies have shown that individuals who have quit smoking have risk of future MACE that is similar to individuals who have never smoked. 3, 4 The underlying pathophysiology explaining why event rates do not remain elevated in individuals who have quit smoking is not well understood.
Coronary CT angiography (CCTA) has emerged as a non-invasive method to identify the presence, extent, severity, and type of coronary artery plaque. 7 -9 A large number of prognostic studies have shown that the degree of coronary atherosclerosis identified by CCTA is strongly predictive of subsequent cardiac events across a broad spectrum of clinical settings. 7, 8 To date, the relationship between smoking, CCTA findings, and subsequent MACE events has not been evaluated. The purpose of this study is to examine whether there is a difference in the presence, extent, severity of CAD as well as plaque type by CCTA to explore the relationships of these CAD measurements to the risk of future MACE and all-cause death in patients who never smoked, past, and current smokers.
Methods

Study population
We studied 9456 patients (mean age 57.1 + 12.3 years, 55.5% male) without known CAD from patients enrolled in the CONFIRM (Coronary CT Angiography Evaluation for Clinical Outcomes: An International Multicenter) registry 10 whose smoking status was known. Of the 27 125 patients in the CONFIRM registry, the following patients were sequentially excluded from this study: those lacking smoking status information (n ¼ 11 289), known CAD [prior myocardial infarction (MI) and prior revascularization, n ¼ 1665], and lacking MACE follow-up (n ¼ 4714). Patients were referred by physicians to CCTA for clinical reasons, including both asymptomatic and symptomatic patients. Patients were classified as never smokers [5685 (60%)], past smokers-individuals who quit smoking ≥3 months prior to CCTA [2183 (23%)], and current smokers-individuals who currently smoked or quit ,3 months prior CCTA [1588 (17%)] as previously described. 7 Each participating institution obtained Institutional Review Board approval.
Pre-scan risk factor assessment As previously described, clinical CAD risk factors including smoking history, hypertension, dyslipidemia, diabetes, and family history were collected prior to the CCTA examination by direct patient interview by a physician or nurse research coordinator and/or by standardized site questionnaires. 10 Chest symptom status at the time of CCTA was categorized as asymptomatic, non-cardiac, atypical, typical chest pain, and dyspnoea as previously described. 11 -13 
Imaging analysis
Coronary CT angiography was performed in each institution using 64 slice or greater CT scanners. 7,10 A modified 16-segment American Heart Association coronary tree model was used to detect plaques. Plaque composition (presence, severity stenosis, number, and characteristics) on CCTA was evaluated by experienced level III equivalent readers in accordance with SCCT guideline. 14 Coronary plaque was identified any hyper-or hypodense structure distinct from the lumen and .1 mm 2 in size. Coronary artery disease severity was classified for three groups: none (0% luminal stenosis), non-obstructive (1-49% luminal stenosis), and obstructive stenosis (≥50% luminal stenosis), which was sub-classified as 1-vessel disease (VD), 2-VD, and 3-VD (including left main disease). For measure of CAD extent, a segment involvement score (SIS) was defined as the total number of coronary artery segments with any plaque. 8 The extent of CAD was classified for three groups: SIS with 0, 1-5 and .5 in accordance as previously described. 8 
Patient follow-up
As reported previously, 10 the primary outcomes were assessed at each institution by direct interview, telephone contact, review of medical records, or using a mailed standardized questionnaire. In the USA, allcause mortality was additionally searched by the Social Security Death Index. Major adverse cardiac event was defined as all-cause death or nonfatal MI. Myocardial infarction was defined by site physicians in accordance with ACC/AHA guideline and the World Health Organization Universal Definition of Myocardial Infarction. 15, 16 
Statistical analysis
Continuous variables were expressed as the mean + SD. The Wilcoxon rank-sum test was used to conduct intergroup comparisons among never, past, and current smoker groups. Categorical variables were compared using Pearson x 2 tests. An one-way ANOVA or the Kruskal -Wallis test was used to conduct intergroup comparisons among never, past, and current smoking groups.
The relationship of smoking status to the endpoints of time to MACE or all-cause death was examined using risk-adjusted Cox proportionalhazards models, the latter adjusted for age, sex, all other CAD risk factors (hypertension, dyslipidemia, diabetes, family history of early CAD), all chest symptoms (non-anginal, atypical, typical chest pain, and dyspnoea), presence of obstructive CAD (≥50% stenosis), and SIS. Event rates were compared using the log-rank test. Also we generated MACE or all-cause-death-free survival curves among the never, past, and current smokers using Cox proportional-hazards models adjusting for the same variables within each stratum of smoking status. In addition, CAD stenosis severity (normal, non-obstructive, and obstructive CAD) and extent (SIS 0, 1 -5, and .5) were assessed among never, past, and current smoking groups in relation to MACE by Cox proportionalhazards models adjusted for age, gender, hypertension, diabetes, dyslipidemia, family history, and all chest symptoms.
Because of the potential differences of age, gender, other risk factors, and symptom presentations among the three smoking groups, MACE and death risk were also analysed in subgroups of the three smoking categories matched for age, gender, the other CAD risk factors, and the chest symptoms using propensity scores, where the propensity score was the resulting probabilities of a logistic regression model predicting being among never, past, and current smoking groups with age, gender, other CAD risk factors, and the chest symptoms as predictors. The resulting propensity score was then applied 1:1:1 to match every never smoker to a corresponding past or current smoker using a Mahalanobis nearest-neighbour matching algorithm. 17 This matching resulted in 1000 never smokers being matched to 1000 past or 1000 current smokers, respectively. Multivariable Cox proportional-hazards models were used to assess the relationship of smoking status to an endpoint of time to MACE or all-cause death after adjusting for age, gender, other CAD risk factors, chest symptoms, presence of obstructive CAD, and SIS.
Scaled Schoenfeld residuals were used to verify the assumption of proportional hazards of the Cox models. 18 A hazard ratio (HR) and 95% confidence interval (CI) were calculated from the Cox models. All statistical calculations were carried out using STATA (Version 12, StataCorp LP, College Station, TX, USA) for Windows.
Results
Overall population
Baseline characteristics
The baseline characteristics among never, past, and current smokers are shown in Table 1 . There were multiple differences between the groups. Notably, compared with never smokers, past and current smokers were predominantly male and more commonly symptomatic. Never and past smokers were older than current smokers (57.4 + 12.6 years vs. 59.3 + 11.0 years vs. 53.0 + 11.9 years, P , 0.0001). Past smokers had a greater prevalence of hypertension, diabetes, and dyslipidemia compared with never or current smokers. More current smokers had a family history of premature CAD and were male than the never and past smokers ( Table 1) .
Coronary artery disease extent, severity, and plaque type Coronary artery disease extent, severity, and plaque type are presented in Table 2 . Regarding CAD extent as defined by SIS, compared with never smokers, past and current smokers had greater extent of coronary plaque, and past smokers had more plaque than current smokers. Regarding plaque severity, compared with never smokers, past and current smokers had a greater prevalence of obstructive CAD and the obstructive CAD categories including 1-, 2-, and 3-VD. Past smokers possessed more non-obstructive CAD compared with never and current smokers. The absence of plaque was most frequent in the never smokers. Non-calcified plaque and PCP were more prevalent among past and current smokers compared with never smokers.
Rates and adjusted risk of major adverse cardiac event and death by smoking categories
At a mean follow-up of 2.8 + 1.9 years, 297 subjects experienced MACE (3.1%). Major adverse cardiac event occurred more often in current smokers compared with the past or never smokers (4.8% vs. 2.9% vs. 2.8%, P , 0.001 for all); however, the MACE rates were similar in the never and past smokers. With respect to all-cause death (192 patients), a higher proportion of current smokers died compared with past or never smokers (3.0% vs. 1.8% vs. 1.9%, P ¼ 0.02 for all); however, the death rates were similar in never and past smokers ( Table 3 ). In a multivariable Cox proportionalhazards model, adjusting for age, sex, hypertension, diabetes, dyslipidemia, family history, all symptoms, coronary stenosis severity ≥50%, and SIS, current smokers experienced higher MACE risk compared with never smokers (HR 1.9, 95% CI 1.4 -2.6, P , 0.001), while past smokers did not (HR 1.2, 95% CI 0.8 -1. after adjustment for the same factors, the risk of death was higher in the current smokers (HR 2.0, 95% CI 1.4 -2.9, P , 0.001) than in the never smokers, but not in the past smokers (HR 1.2, 95% CI 0.8 -1.8, P ¼ 0.31) ( Table 3) . Major adverse cardiac event or all-cause-deathfree survival curves similarly showed increased risk of MACE or death only in current smokers ( Figure 1A and B ).
Major adverse cardiac event risk assessed by smoking categories and coronary plaque extent and severity Figure 2A demonstrates among never smokers with non-obstructive CAD tended to be higher than that of those with normal CCTA (HR 1.5, 95% CI 0.9 -2.3, P ¼ 0.08). This risk was significantly higher in past smokers (HR 2.0, 95% CI 1.2 -3.5, P ¼ 0.008) and was even greater in current smokers (HR 2.6, 95% CI 1.5 -4.6, P ¼ 0.001). Subjects with obstructive CAD experienced higher MACE rates compared with never smokers with normal CCTA regardless of smoking status (never: HR 2.5, 95% CI 1.6 -3.9, P , 0.001; past: HR 2.6, 95% CI 1.5 -4.5, P ¼ 0.001; current: HR 5.2, 95% CI 3.2 -8.5, P , 0.001).
Matched population Baseline characteristics
The matching was successful with no overall significant differences between the three groups in all variables for which the match was considered. Past smokers had more diabetes compared with never smokers (11.4% vs. 8.6%, P ¼ 0.04) ( Table 4 ).
Coronary artery disease extent, severity, and plaque type Both current and past smokers had higher SIS and greater prevalence of all plaque types, compared with never smokers ( Table 5 ). Past smokers more commonly had non-obstructive CAD, and current smokers had a greater prevalence of obstructive CAD, compared with never smokers. Current smokers had a higher prevalence of PCP compared with past and never smokers.
Rates and adjusted risk of major adverse cardiac event and death A higher proportion of current smokers experienced MACE (6.9%, P , 0.001 vs. both other groups); however, MACE occurred in a similar proportion of the past smokers and the never smokers (2.4% vs. 2.2%, P ¼ 0.77). Current smokers had a higher rate of death than the other two groups (4.2%, P , 0.001 vs. both other groups); however, the death rate was not different between the past and never smokers (1.1% vs. 1.4%, P ¼ 0.55) ( Table 6 ). Major adverse cardiac event or all-cause-death-free survival curves showed increased risk of MACE or death only in current smokers ( Figure 3A and B ).
Discussion
This report from the CONFIRM registry is the first study to examine the relationship between the extent and severity of CAD by coronary CT angiography, smoking status, and the risk of subsequent MACE events. We demonstrated that past and current smokers had similar extent and severity of coronary atherosclerosis, which was greater than that of never smokers; however, only current smokers had greater risk-adjusted cardiac events. We observed similar findings with respect to the extent and severity of CAD and cardiac events in a subgroup that was propensity matched to achieve similarities of age, gender, other CAD risk factors, and chest symptoms. In the matched population, compared with never smokers, both past and current smokers had a higher prevalence of non-obstructive or obstructive CAD and greater extent of CAD; however, only current smokers experienced a significantly higher MACE risk. This risk among past smokers was slightly but not significantly higher than that of never smokers. Numerous prior investigators have observed that smoking was associated with the atherosclerosis formation, progression, and future MACE risk. 1 -6,19 -21 Active smoking is strongly associated with endothelial dysfunction and coronary thrombosis. 19,22 -29 In current smokers, the impaired release of tissue plasminogen activator antigen and reduced coronary blood flow has been reported compared with non-smokers. 19, 22 Further, platelet aggregation is increased among active smokers. 24 -27 These factors, along with the increased amounts of coronary atherosclerosis, may be responsible for the reported increase in risk of acute coronary thrombosis 22,24 -27 and potentially contribute to the association of current smokers with higher MACE risk noted in the present study.
Our finding that future MACE risk was similar among never and past smokers is concordant with numerous prior studies. 3, 4 Regarding the angiographic correlates of these observations, previous studies using invasive coronary angiography have assessed the relationship of the extent CAD and MACE risk according to smoking Figure 1 (A) Risk-adjusted event-free survival curves for major adverse cardiac event among never, past, and current smokers (n ¼ 9456). (B) Risk-adjusted event-free survival curves for allcause death among never, past, and current smokers (n ¼ 9456). Adjusted for age, gender, symptoms, dyslipidemia, hypertension, diabetes, family history, all chest symptoms, segment involvement scores, and stenosis severity ≥50%. MACE, major adverse cardiac events. status. 5, 6 As was found in the present study, these prior reports showed that smoking cessation was associated with reduced risk of death, MI, or revascularization regardless of the angiographic extent of CAD.
The potential mechanism of the similar risks of events in past and never smokers despite the increased burden of atherosclerosis is unclear. It may be due to improvement of endothelial function, 28, 29 decreased fibrinogen and inflammatory markers 30 that have been associated with smoking cessation, or some other biologic protective effect reducing the risk of coronary artery plaque rupture. As another potential contributing factor, smokers who successfully quit may also have adopted other heart-healthy lifestyle behaviours such as diet, Figure 2 (A) Risk-adjusted Cox proportional-hazards models for major adverse cardiac event by SIS 0, 1 -5, and .5 among never, past, and current smokers (n ¼ 9456). (B) Risk-adjusted Cox proportional-hazards models for major adverse cardiac event by normal, non-obstructive, and obstructive CAD among never, past, and current smokers (n ¼ 9456). Adjusted for age, sex, symptoms, dyslipidemia, hypertension, diabetes, family history, and all chest symptoms. MACE, major adverse cardiac events; SIS, segment involvement score; CAD, coronary artery disease. *P , 0.001 and **P , 0.05 for the comparison with never smokers with normal coronary CT angiography. exercise, and the use of medications that reduce risk of coronary artery event to a greater degree than the never smokers.
Large observational studies have demonstrated that the age of patients who stopped smoking was an important factor in explaining known decrease in mortality risk associated with smoking cessation. 31, 32 In a study of 34 439 men followed up to 50 years, 31 patients who quit smoking before 30 years of age avoided most all of mortality risk, whereas reduction in mortality risk associated with smoking cessation decreased progressively as the age at time of quitting increased.
Similarly, a study of 1.2 million women resurveyed 3 -8 years after initial recording of smoking status, 32 demonstrated that cessation of smoking before age 30 avoided almost all of the excess mortality caused by smoking, and that the mortality benefit of quitting smoking compared with not quitting decreased progressively as the age at the time of smoking cessation increased. Other studies have also demonstrated that there is decreased incidence of coronary artery calcification as a marker of atherosclerosis in past smokers compared with current smokers and that the degree of this decreased incidence is age related. 33, 34 In our study, the risk of MACE events in the past smokers appeared to improve over time in our unmatched population. The results in our matched population, however, suggest that the risk of MACE events is similar between past and never smokers early after testing. Whether the difference in our matched and unmatched populations in this regard is related to increased risk factor burden in the past smokers of the unmatched population compared with the never smokers or to other factors cannot be determined from our data. We did not have information regarding the age at which smoking was stopped in the past smokers of this study.
The study has several limitations. The study includes patients undergoing clinical indicated CCTA studies and whether the present results can be extrapolated to population-based cohorts remains unknown. The follow-up period was for an average of 2.8 years. The hazard ratio for MACE was slightly but not significantly higher in past smokers than in never smokers (1.2 and 1.3 in the whole and the matched populations, respectively). A longer followup with more clinical events is needed to determine whether there is a difference in the event rates in these two groups. From the CONFIRM registry, only patients in whom smoking status was reported and follow-up for MACE was available were included.
Smoking information was limited to identification of patients who were current, past, or never smokers. There was no information regarding duration and amount of smoking, time interval from smoking cessation to testing, or exposure to passive smoking, all of which are associated with CAD and the future risk. 21, 31, 32, 35, 36 There was no information regarding lifestyle behaviour in the various groups.
Conclusion
Among patients without known CAD undergoing CCTA, current and past smokers had increased burden of atherosclerosis compared with never smokers; however, the risk of death and MACE was heightened only in the current smokers. P , 0.001 and ‡ P , 0.05 for the comparison with never smoking group. *P , 0.001 and **P , 0.05 for the comparison with past smoking group. Figure 3 (A) Risk-adjusted event-free survival curves for major adverse cardiac event among matched never, past, and current smokers (n ¼ 3000). (B) Risk-adjusted event-free survival curves for all-cause death among matched never, past, and current smokers (n ¼ 3000). Adjusted for age, gender, symptoms, dyslipidemia, hypertension, diabetes, family history, all chest symptoms, segment involvement scores, and stenosis severity ≥50%. Abbreviations as in Figure 1 .
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